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013.02.0Abstract It is necessary to identify a gaseous pollutant source rapidly so that prompt actions can
be taken, but this is one of the difﬁculties in the inverse problem areas. In this paper, an approach to
identifying a sudden continuous emission pollutant source based on single sensor information is
developed to locate a source in an enclosed space with a steady velocity ﬁeld. Because the gravity
has a very important inﬂuence on the gaseous pollutant transport and the source identiﬁcation, its
inﬂuence is analyzed theoretically and a conclusion is drawn that the velocity of ﬂuid is a key factor
to effectively help weaken the gravitational inﬂuence. Further studies for a given 2-D case by using
the computational ﬂuid dynamics (CFD) method show that when the velocity of inlet is less than
one certain value, the inﬂuence of gravity on the pollutant transport is very signiﬁcant, which will
change the velocity ﬁeld obviously. In order to quantitatively judge the practical applicability of
identiﬁcation approach, a synergy degree of the velocity ﬁelds before and after a source appearing
is proposed as a condition for considering the inﬂuence of gravity. An experimental device simulat-
ing pollutant transmission was set up and some experiments were conducted to verify the practical
application of the above studies in the actual gravitational environment. The results show that the
proposed approach can successfully locate the sudden constant source when the experimental situ-
ations meet the identiﬁed conditions.
ª 2013 Production and hosting by Elsevier Ltd. on behalf of CSAA & BUAA.
Open access under CC BY-NC-ND license.1. Introduction
Air pollution can be very dangerous, especially in an enclosed
space such as the cabin of a manned spacecraft or submarine,
where it can seriously threaten the health of the occupants.82313186.
.cn (L. Pang).
orial Committe of CJA.
g by Elsevier
ng by Elsevier Ltd. on behalf of C
02Therefore, it is urgent to develop an accidental pollutant
source identiﬁcation method to improve the ability to actively
control pollution. In the recent 20 years, researchers from var-
ious countries have worked on many related studies.1 All of the
current methods can be classiﬁed in the analytical, optimiza-
tion, probabilistic, backward CFD approaches or a combina-
tion of these approaches.2
The analytical approach can identify the pollutant source
based on the analytical solution of a velocity ﬁeld and a con-
centration distribution. Although this method is fast and accu-
rate, it is conﬁned to applications in situations with a simple
ﬂow ﬁeld where the analytical solution can be obtained easily.SAA & BUAA. Open access under CC BY-NC-ND license.
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centration distributions by forward calculation with the corre-
sponding measured data in the search for the optimal solution.
Linear and nonlinear optimization methods are often used.3–5
But a large amount of direct calculation is required when using
this method, which may lead to a heavy computation load.
The optimization approach based on analytic solution of
lumped parameter model or Gauss plume model can evaluate
the model parameter fast and efﬁciently by using a static linear
(or nonlinear) optimization method, but performs poorly when
getting the analytic solution from a complicated ﬂow ﬁeld.6 In
order to improve the robustness of this method, some research-
ers tried to use sensitivity analysis to handle the impact of the
model and measurement uncertainty.7 However, these
improvements may not be very effective and they may totally
fail in a time-varied system.
The probabilistic approach shows the probability that a
pollution source occurs at some place by using the multi-zone
lumped parameter model or the discrete advection–dispersion
equations (ADEs). Bayesian theory is often used to estimate
the probability of that pollution source occurring at each pos-
sible position.6 By using this method, the ill-posed problem of
source identiﬁcation can be transformed into a well-posed
problem in the extended statistical space. Though there are
some shortcomings of the probabilistic approach, it is indeed
a promising method for identifying a sudden source, especially
when the number of sensors is limited.8,9
The backward CFD approach uses negative time step and
reverse ﬂow ﬁeld to inversely estimate the unknown source
parameters. The inverse CFD model is ill-posed and should
be improved by the regularization technique and the stabiliza-
tion technique.2 Liu et al. 10–13 have done a lot of work to im-
prove the stability of this model. Currently, major attention is
devoted towards developing a method that combines the prob-
abilistic approach and backward CFD approach in pollutant
source identiﬁcation.2,7–14 Huang et al.15–17 carried out deep
research to identify the gaseous instantaneous virus source in
aircraft and ofﬁce environments.
The studies mentioned above have been promoting the
development of source identiﬁcation methods. Actual source
emission may be a continuous and not instantaneous process,
and the measured data is inﬂuenced by sensor noise. Consider-
ing these two factors, we present a sudden pollutant source
identiﬁcation method to locate the source in an enclosed space
with a steady velocity ﬁeld. This paper analyzes the gravita-
tional inﬂuence on pollution transmission and puts forward
an applicability criterion for the identiﬁcation approach men-
tioned above. The method presented in this paper is used to
identify the sudden pollutant source in a cabin pollutant
transmission simulation experiment in the gravitational
environment.2. Models of pollutant transport and sensor measurement
2.1. Pollutant transport model
Gaseous pollutant transport processes are governed by the
advection–dispersion:
@C
@t
þrðuCÞ ¼ rðdgradCÞ þ Sf ð1Þwhere C is the mass pollutant concentration, u the velocity, d
the diffusion coefﬁcient, Sf the pollutant source which is a
function of (p,S, te), p is the source position, S the emission
strength, te the initial emission time, t the forward time.
Assume that the gaseous pollutant is transported by air in a stea-
dy velocity ﬁeld, Eq. (1) can be solved by using a numerical method.
There are n node equations when the number of grid nodes is n.
When the pollutant concentration distribution at time t is known,
the subsequent one at time t+1 can be obtained using:
ACtþ1 ¼ aCt þ Sf ð2Þ
where Ct+1 and Ct are the column vectors of pollutant concen-
tration for each grid node respectively at time t+ 1 and t, Ct is
the known vector, Ct+1 the unknown vector for the next mo-
ment, a the coefﬁcient matrix of Ct, A the n-dimensional coef-
ﬁcient matrix and is a strictly diagonally dominant banded
sparse matrix. Thus it must have the inverse matrix A1:
Ctþ1 ¼ A1aCt þ A1Sf ð3Þ
Because the aim of our study is to identify a source in a
steady ﬂow ﬁeld, the coefﬁcient matrix A can be uniquely
determined when the computational zone, mesh and discretiza-
tion scheme are known. A1 can be computed only once, and
then be directly used to solve Eq. (3) later.
Comparing different discrete formats, we ﬁnally chose the
power-law scheme to solve the discretized equations of pollu-
tant ADEs.
2.2. Considering the effect of gravity in gaseous pollutant source
identiﬁcation
Analyzing Eq. (1) we know that a pollutant source identiﬁca-
tion process is essentially achieved by estimating the source
Sf with known u. Therefore, the velocity ﬁeld u has a very
important impact on the identiﬁcation of Sf. Our research aims
to identify a source in a steady velocity ﬁeld, so the premise is
that gravity has no inﬂuence on the change of u during the
source emission, that is, u remains unchanged or little changed
when the source emits pollutant in the gravitational environ-
ment. Based on this premise, a source identiﬁcation approach
can be developed in this paper based on Eq. (1) independent of
the momentum conservation equations.
In this paper, we will ﬁrst develop an approach to identify-
ing a sudden gaseous pollutant source for a steady velocity
ﬁeld, then discuss the impact of gravity on the source identiﬁ-
cation, and ﬁnally give a criterion judging the actual applica-
tion of the proposed identiﬁcation approach in the gravity
ﬁeld environment.
3. Source identiﬁcation approach
The time a sensor takes to detect the existence of the pollutant
is the detecting time tp. There is a delay time td and
td = tp  te. Our aim is to develop an approach to identifying
a source when a sensor has detected a source appearing at the
time tp.
Given u and d, a forward concentration distribution can be
calculated with Eq. (3) as long as (p,S, te) is known. Our re-
search focuses on identifying the unknown three parameters
(p,S, te) reversely by using the monitoring data with noise.
An identiﬁcation approach to estimating source is developed
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sured concentration sequence of sensor in the time interval
[tp, tcheck] is specially taken out from Csensor and denoted by
Csencheck for further identiﬁcation.
We use an idea of multiple parameter multiple hypothesis opti-
mization to identify the unknown three source parameters (p,S, te).
It requires 4 steps to implement this identiﬁcation process.
 Step 1: Multiple hypothesis of source position
The ﬁrst hypothesis is the multiple hypothesis of source posi-
tion. A set of hypotheses of source position,
{p1,p2, . . .,pi, . . .,pn} (i= 1,2, . . .,n) is established ﬁrst. This
set includes all possible source positions.
The second hypothesis assumes that a virtual pollutant
source, which has a constant emission strength s, will appear
on every possible hypothetical position pi, respectively.
For a certain hypothetical source position pi, a set of
hypotheses of initial emission time, ftie;1; tie;2; . . . ; tie;j; . . . ; tie;kg
(j= 1,2, . . .,k), is established thirdly. Here if the backward
searching time index is j, then the initial emission time
tes;j ¼ tp  jDt. The number of the set of hypotheses of initial
emission time is n and it is determined by the number of hypo-
thetical source positions.
 Step 2: Optimization only for position pi
Based on the above three-parameter multiple hypotheses, we
search the three optimal parameters of source only for the
position pi with the objective function of min characteristic dis-
tance. This includes the following steps:
(1) Hypothetical measured concentration sequence at sen-
sor position
For pi, its hypothetical measured concentration sequence at
sensor position fci1; ci2; . . . ; cij; . . . ; cikg can be calculated by solv-
ing Eq. (3) at the time interval [tp, tcheck] with the assumption of
(pi; s; t
i
e;j).
(1) Relative emission strength sequence
When the velocity ﬁeld remains unchanged or little changed
during emission and the source position is known, the steady-
state observed concentration is linear with respect to emission
rate.18 That is, the approximate relative emission strength Sij
can be obtained by using Eq. (4) with cij and Csencheck:
Sij ¼
S
s
¼
R tcheck
tp
ðCsencheck  C0ÞdtR tcheck
tp
ðcij  C0Þdt
ð4Þ
where S is the estimated emission strength of unknown source,
S ¼ Sijs, s the constant emission strength of the virtual pollu-
tant source, Sij the estimated relative emission strength with
the assumption of (pi,s, t
i
es;j), C0 the initial concentration.
Thus fSi1;Si2; . . . ;Sij; . . . ;Sikg can be calculated.
(1) Hypothetical measured concentration sequence at sen-
sor position
After fSi1;Si2; . . . ;Sij; . . . ;Sikg are calculated, the concentra-
tion at sensor position at the time interval [tp, tcheck] can becalculated with Eq. (3) forwardly and is deﬁned by the hypo-
thetical measured concentration sequence of sensor Cij pro-
duced by S:
Cij ¼ Sijðcij  C0Þ þ C0 ð5Þ
Then fCi1;Ci2; . . . ;Cij; . . . ;Cikg can be obtained.
(1) Set of characteristic distances
A characteristic distance is deﬁned to describe the degree of
similarity between Cij and Csencheck. It is deﬁned by Eq. (6) at
the interval [tp, tcheck]:
Dij ¼
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃXtcheck
t¼tp
ðCij;t  Csencheck;tÞ2
vuut ð6Þ
where Dij is the characteristic distance between C
i
j and Csencheck.
(1) Three optimal parameters of source based on the mini-
mum characteristic distance
After the set of fDi1;Di2; . . . ;Dij; . . . ;Dikg has been calculated
with Eq. (6), we deﬁne the minimum characteristic distance
Dimin ¼ min
j
ðDijÞ as the objective function to search the optimal
three parameters of source only for the position pi. The
tie;opt ¼ tp  jioptDt and Siopt can also be optimized accordingly
to Dimin. Therefore, the optimal result for the hypothetical po-
sition pi is ðpi; tie;opt;SioptÞ.
 Step 3: Set of minimum characteristic distance
Similarly the set of minimum characteristic distance,
fD1min;D2min; . . . ;Dimin; . . . ;Dnming, can be obtained correspond-
ingly for the other hypothetical positions in the set of
fp1; p2; . . . ; png.
 Step 4: Source identiﬁcation based on location probability
(1) Location probability
A location probability is established to clearly point out
which position is the most probable position where the source
will appear. The location probability can reﬂect the probability
of a source appearing at the ith assumed position:
Pir ¼ exp 
Dimin
nr
 2 !

Xn
i¼1
exp  D
i
min
nr
 2 ! !1
ð7Þ
where Pr is the location probability, n the number of the hypo-
thetical source position, and r the measurement standard devi-
ation of sensor.
(2) Global optimal three parameters of source based on
maximum location probability
A distribution map of location probability can be obtained
after the set of location probability fP1r ;P2r ; . . . ;Pir; . . . ;Pnrg for
all the possible source positions has been obtained with
Eq. (7). The distribution map of location probability can
directly show which position or region has the largest location
probability. The most probable position where the source will
appear is the position with the max location probability. Hence
we denote maxðPirÞ as the global optimal objective function.
We let Pqr ¼ maxðPirÞ and the superscript q is the node
corresponding to maxðPirÞ.
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pq. Meanwhile, the corresponding initial emission time t
q
e;opt
and the emission strength Sqopt are also determined. The global
optimal source parameter is ðpq; tqe;opt;SqoptÞ, which is the ﬁnal
identiﬁcation result for all hypothetical positions
fp1; p2; . . . ; pi; . . . ; png.
This approach is suitable to locate a sudden source in the
space just with one inlet and one outlet.
4. Impact of gravity on pollutant transport
In reality, gravity does have effect to some extent. In this sec-
tion, we will discuss what effect gravity has on them. Then we
will develop a criterion to determine the application of the pro-
posed identiﬁcation approach in the gravity ﬁeld environment.
4.1. Impact of gravity on ﬂuid ﬂow
At the initial stage of the pollutant diffusion, the gravitational
ﬁeld has a noticeable inﬂuence on the process. The smaller the
velocity of space is, the more signiﬁcant the impact of gravita-
tional ﬁeld on the pollutant dispersion is. The inﬂuence of
gravitational ﬁeld on the ﬂuid ﬂow is mainly reﬂected in the
momentum conservation equations. If the vertical upward
direction is taken as the direction of the z coordinate axis, then
the gravity direction is –z. For the incompressible ﬂuid viscos-
ity, if only considering the z-axis direction, the one-dimen-
sional ﬂow velocity w is taken as a ﬁxed value (u= v= 0)
and dynamic viscosity l is very small for air, where u, v, w
are the ﬂow velocity at x, y, z directions, then19
@q
@t
¼  1
w
@q
@z
þ @p
@z
þ qg
 
ð8Þ
where q is the air density, g the acceleration of gravity.
From Eq. (8), the absolute value of 1/w is smaller when w
is greater, thus the inﬂuence of gravity and buoyancy becomes
weaker. In summary, the ﬂow velocity of ﬂuid itself is the key
factor to effectively weakening the gravitational and buoyancy
inﬂuence.
4.2. Simulation analysis
In order to directly reﬂect the inﬂuence of gravitational ﬁeld on
pollutant transmission, we simulate a 2-D case by using the
CFD method. An enclosed space is shown in Fig. 1. It is a rect-Fig. 1 Structure and size of simulation space.angular enclosed space, 560 mm long and 360 mm wide, with a
20 mm wide inlet and a 20 mm wide outlet. There is a pollutant
source at P0, just situated at 30 mm under the inlet, and there
is a pollutant sampling point at S0, situated at 20 mm just un-
der the outlet. The pollutant source is a 10 mm · 10 mm
square pollution source. The direction of gravity is the direc-
tion of y.
Two types of cases are compared by using the same inlet
velocity vin, boundary conditions and model parameters. But
the gravity model in the simulations is different. One type of
simulation uses the gravity model (g= 9.8 m/s2) and the other
uses the zero gravity model (g= 0 m/s2). After the ﬂow ﬁeld
has become steady, the source begins to release CO2 pollutant
with constant emission strength at 0 s.
Fig. 2 compares theCO2 concentration ﬁelds obtained by using
the gravity and weightlessness models with various inlet velocities,
respectively. The source in all cases is a 10 mm · 10 mm square
source and its emission strength is 0.5 kg/(m2Æs), that is, the pollu-
tant is generated at the rate of 50 mg/s.
The CO2 concentration ﬁeld obtained with g= 9.8 m/s
2 is
almost the same as the one with g= 0 m/s2 when the inlet
velocity is 1.0 m/s and 0.5 m/s. This implies that the inﬂuence
of gravity on CO2 transmission can be negligible for these
cases. However, when the inlet velocity is equal to or less than
0.3 m/s, the difference between the gravity and weightless mod-
el becomes larger, especially for 0.1 m/s and 0 m/s. This implies
that the gravity ﬁeld has played a leading role in the CO2 trans-
mission and cannot be ignored. In this situation, we cannot ob-
tain a reasonable location result if the identiﬁcation approach
is still used.
5. Application criterion of identiﬁcation approach in a
gravitational environment
In this section, we will analyze the impact of gravity and give a
criterion for judging how large the inlet velocity for the studied
space in Fig. 1, which is reasonable to apply the identiﬁcation
approach.
The ﬁeld of a certain variable u, for example, temperature,
velocity and pressure, is a function of space positions and in
general it is relative complex. Here we refer to the ﬁeld synergy
principle20 to quantitatively compare the relative difference of
the same variable in two different ﬁelds.
In order to quantitatively compare the change of ﬂow ﬁeld
before and after a sudden source appears, the concepts of the
ﬁeld synergy are referred to and a synergy degree of twodifferent
scalar ﬁelds for the same variable in the same space are deﬁned.
Deﬁnition. For two scalar ﬁelds of the same variable u in the
same space, denoted by ﬁelds A and B, if for any given position
(x, y, z) in the space, there is a minimum non-negative real
number U satisfying the following formula:
uBðx; y; zÞ  uAðx; y; zÞ
maxfjuAjg

  U ð9Þ
where U is called the synergy degree of the ﬁeld A and the ﬁeld
B for the same variable and is expressed as a percentage,
uB(x,y,z) the variable value of u value at (x,y,z) position in
the ﬁeld B, uA(x,y,z) the variable value of u value at the
(x,y,z) position in the ﬁeld A, max {|uA|} expresses the
maximum absolute value of the scalar u in the ﬁeld A.
Fig. 2 Concentration ﬁeld comparisons.
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variable u is the same as its ﬁeld A; if U> 0, then there is a
difference between the ﬁeld B and the ﬁeld A. The greater
the value of U is, the greater the difference is. If u is a vector,
then take its components in every axis direction and obtaintheir corresponding synergy degrees. The largest component
of synergy degrees will be the synergy degree of vector u be-
tween the ﬁeld A and the ﬁeld B.
According to the above deﬁnition, we can obtain the syn-
ergy degrees of velocity ﬁelds before (t= 0) and after a sudden
source appears in the gravity ﬁeld space for the case in Fig. 1
with different inlet velocity conditions and the same source
(50 mg/s). They are listed in Table 1.
The synergy degree U of velocity ﬁelds will increase with the
decrease of the inlet velocity. Except in the case with 0.1 m/s
inlet velocity, the coordinates of the maximum synergy degree
in other three cases are (122.5, 377.5) mm.
Fig. 3 shows the comparisons of velocity ﬁelds before and
after a sudden pollutant source appears with different inlet
velocities at 0.1, 0.3, 0.5 m/s. The inﬂuence of sudden pollutant
on the velocity ﬁeld becomes smaller with the increase of inlet
velocity. For example, the ﬂow ﬁeld change is signiﬁcant be-
fore and after a sudden pollutant source appears when the inlet
velocity is 0.1 m/s, while it is not easy to distinguish when the
inlet velocity is equal to and more than 0.5 m/s. This implies
that the inlet velocity is an essential factor to weakening the
gravitational inﬂuence.
Although the identiﬁcation approach is adaptable to a stea-
dy ﬂow ﬁeld, we have proved that it can still obtain a relatively
accurate source estimation result when the ﬂuctuation range of
ﬂow ﬁeld is within 10%. Fig. 4 gives the location result of the
case in Fig. 3(b) when U is near 10% (U is 10.43%). At this
time, there will be a small estimated error. To be conservative,
we can still apply this identiﬁcation approach to locate a pol-
lutant source when the relative change of ﬂow ﬁelds U is within
10% due to the inﬂuence of gravity on pollutant transmission.
In addition, it is also required that the average velocity in the
space is larger than 0.15 m/s.
Often, actual pollutant source in an enclosed space is from
the leakage from some equipment or pipeline, such as a leak-
age in an air conditioning system. The leakage usually comes
from a small crack or trachoma, and its equivalent diameter
is small. The emission strength of the slow leakage source is
not very strong (usually less than 50 mg/s). The supply speed
is usually faster and the inertia force of the gaseous pollutant
is much larger than its gravity. Therefore, the inﬂuence of
gravity on the pollutant transmission is very limited and this
conclusion makes the application of this identiﬁcation ap-
proach practical in the real world.6. Steady ﬂow ﬁeld experiment
6.1. Experimental system
An experimental device for simulating pollutant transmission
was set up and some experiments were conducted to test the
proposed approach further. It is composed of a CO2 supply
subsystem, an experimental enclosed space and some measure-
ment instruments.
CO2 was used as the aim pollutant. The CO2 supply subsys-
tem was used to simulate a sudden pollutant source by steadily
injecting a small amount of CO2 gas into the experimental
space.
Instruments can measure in real-time the CO2 concentra-
tion at the sampling point, as well as the velocity of outlet
and the environmental temperature. A QIC-20 mass spectrom-
Fig. 5 Size of experimental cabin and the position of source and
sensor position.
Fig. 3 Comparison of velocity ﬁelds before and after a sudden
pollutant source appears.
Table 1 Synergy degrees of velocity ﬁelds before and after the sudden source appears.
Inlet velocity (m/s) U (%) Coordinate of maximum
U point (mm)*
Time after sudden
source appears (s)
Spatial average
velocity (m/s)
1.0 1.50 (122.5, 377.5) 2.5 0.3270
0.5 10.43 (122.5, 377.5) 5.0 0.1480
0.3 13.12 (122.5, 377.5) 20.0 0.0806
0.1 58.40 (392.5, 17.5) 30.0 0.0197
* Note: the lower left corner vertex is the origin of coordinates in Fig. 1.
Fig. 4 Location probability of the case in Fig. 3(b).
266 L. Pang et al.eter made by the United Kingdom Company Hiden Analytical
Ltd. was used to measure in real-time the CO2 and concentra-
tions of the sampling point.
The experimental enclosed space is shown in Fig. 5 and it is
a 1600 mm (L) · 1200 mm (W) · 1900 mm (H) rectangular
sealed cabin. The inlet and outlet are in the center of the cabin
in the width direction and their sizes are both
300 mm · 100 mm. A ventilation fan was installed outside of
the cabin. The three-dimensional cabin has a central plane of
symmetry in the longitudinal direction. The source and sensor
were located in the center symmetry plane of the cabin. We can
use half of the cabin to reduce the computational load greatly
and improve the identiﬁcation efﬁciency. The coordinates of
source are (100 mm, 600 mm, 1800 mm) and the CO2 source
was injected into the test chamber at this position alone. The
sensor is (200 mm, 600 mm, 400 mm).
6.2. Source identiﬁcation for experiment
The centrifugal fan was controlled to obtain a 2.0 m/s average
inlet velocity in experiment. CO2 was injected from the pollu-
tant source position by a 3 mm plastic hose. The mass ﬂow
controller was set at 0.1 SLPM (3.274 mg/s) and it is less than
50 mg/s. The CO2 concentration in the fresh air of inlet was
655 mg/m3. The measured concentration curve was obtained
by the QIC-20 mass spectrometer at the sensor position as
the real line shown in Fig. 6.
Considering the symmetric spatial structure and ﬂow char-
acteristics of the 3-D experimental cabin, half of the space is
adopted to identify the source as shown in Fig. 7(a), in which
we pay attention to two planes: Planes A and B. Figs. 7(c) and
Fig. 7 Distribution maps of location probability.
Fig. 6 Comparison of sensor measured and calculated concen-
tration at sensor position.
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are obtained by using the Fluent software.
In the gravitational ﬁeld experiment, the fresh air ﬂowed
into the cabin with no recycled air. The velocity at the source
is near 2.0 m/s. The minimum velocity is 0 m/s, the maximum
velocity is 2.53 m/s and the average velocity is 0.185 m/s. A
pollution source suddenly appeared and emitted CO2. Its emis-
sion strength is far less than 50 mg/s. Therefore, this experi-
ment satisﬁes the requirement conditions, discussed in
Section 5, to apply the identiﬁcation approach.
In order to reduce the amount of computation load and im-
prove the identiﬁcation efﬁciency, the 100 mm (x direc-
tion) · 50 mm (y direction) · 100 mm (z direction) 3-D
rectangular mesh was used for solving the pollutant ADEs
and to calculate the distribution map of location probability.
Thus the number of grid nodes is 17, 13 and 20, respectively,
along the x, y and z axis directions, and the number of grid
nodes is 4420, as shown in Fig. 7(b).
According to the rising concentration curve of the experi-
ment, the identiﬁcation time interval [tp, tcheck] ranges from
11s to 80s for calculating the relative estimated strength and
the characteristic distance. The approach proposed in this pa-
per is used to identify the sudden source appearing in the
experiment.
Figs. 7(d) and (f) show the distribution maps of location
probability of Planes A and B. It can be seen from these two
ﬁgures that the location probability of the inside second node
from the inlet center is the highest and its coordinates are
(100 mm, 600 mm, 1800 mm), while the position of the actual
pollutant source is very close here and thus the source could be
identiﬁed. In addition, it can be seen from Figs. 7(d) and (f)
that the location probability of the rear of the source position
(or downstream) is still higher, but it becomes smaller with the
direction of air ﬂow. This indicates this region also has a rela-
tively higher probability for where the source will appear.
7. Conclusions
An approach to identifying a sudden constant gaseous pollu-
tant source is presented for a steady ﬂow ﬁeld and then its
practical application is further discussed in the gravitational
environment.
First, the inﬂuence of gravitational ﬁeld on the gaseous pol-
lutant transport and the consequent ﬂuid ﬂow is analyzed the-
oretically according to the momentum conservation equations
using a 2-D case. A conclusion is drawn that the ﬂuid velocity
268 L. Pang et al.is a key factor to effectively weaken the inﬂuence of the grav-
itational ﬁeld.
Then the pollutant dynamical transfer process is further
studied by using the CFD method. We draw the following con-
clusions: when the velocity of the inlet is less than a certain va-
lue for the given studied case, the inﬂuence of gravity on the
pollutant transport is very signiﬁcant and it can cause an obvi-
ous change in the velocity ﬁeld. The smaller the inlet velocity
is, the more apparent the inﬂuence will be. In this situation,
there will be limitation in applying the identiﬁcation method.
The synergy degree of the velocity ﬁelds U is proposed further
to judge the applicability of the identiﬁcation approach consid-
ering the inﬂuence of gravity. The above identiﬁcation condi-
tions are analyzed by using a 2-D example.
Finally, the identiﬁcation approach is used to locate a sud-
den source in a 2-D and a 3-D experimental cabin under the
effect of gravity. The sudden constant source can be success-
fully located when they satisfy the above identiﬁcation
conditions.Acknowledgement
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